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$EVWUDFW
7KH VXUIDFH SURSHUWLHV RI EXLOGLQJ IDoDGHV KDYH LPSOLFDWLRQV IRU WKHUPDO SHUIRUPDQFH RI EXLOGLQJV DQG PLJKW DOVR LQIOXHQFH
RXWGRRUWKHUPDOFRPIRUWFRQGLWLRQVIRUSHGHVWULDQV$IDoDGHVXUIDFHSURSHUW\ZKLFKLVIUHTXHQWO\XVHGE\EXLOGLQJHQJLQHHUV
DQG VSHFLDOO\ DUFKLWHFWV LV WKH YLVXDO UHIOHFWDQFH ,Q WKLV SDSHU ZH SUHVHQW WKH UHVXOW RI D ILHOG VWXG\ ZKLFK H[SORUHV WKH
UHODWLRQVKLS EHWZHHQ WKH YLVXDO UHIOHFWDQFH RI EXLOGLQJ IDoDGHV DQG WKH FRUUHVSRQGLQJ VXUIDFH WHPSHUDWXUHV $ QXPEHU RI
EXLOGLQJVZLWKGLYHUVHIDoDGHFRORXUVZHUHVHOHFWHG6XUIDFHWHPSHUDWXUHVLQFLGHQWVRODULUUDGLDQFHIDoDGHV¶YLVXDOUHIOHFWDQFH
DV ZHOO DV DPELHQW DLU WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ ZHUHPHDVXUHG 7KH UHVXOWV RI WKH ILHOG VWXG\ GLVSOD\ QRQUDQGRP
UHODWLRQVKLSVEHWZHHQWKHEXLOGLQJIDoDGHV¶YLVXDOUHIOHFWDQFHDQGWKHLUVXUIDFHWHPSHUDWXUHV
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7KH VXUIDFH SURSHUWLHV RI EXLOGLQJ IDoDGHV KDYH LPSOLFDWLRQV IRU WKHUPDO SHUIRUPDQFH RI EXLOGLQJV LQGRRU
WHPSHUDWXUHV KHDWLQJ DQG FRROLQJ ORDGV 7KH IDoDGH VXUIDFH WHPSHUDWXUH PLJKW DOVR LQIOXHQFH RXWGRRU WKHUPDO
FRPIRUW FRQGLWLRQV IRU SHGHVWULDQV7KH DOEHGR RI EXLOGLQJ VXUIDFHV LV NQRZQ WR VLJQLILFDQWO\ DIIHFW WKHLU VXUIDFH
WHPSHUDWXUH$UHODWHGVXUIDFHSURSHUW\ZKLFK LV IUHTXHQWO\XVHGE\ EXLOGLQJHQJLQHHUVDQGVSHFLDOO\DUFKLWHFWVLV
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WKH YLVXDO UHIOHFWDQFH ,W LV GHILQHG DV WKH UDWLR RI UHIOHFWHG WR LQFLGHQW LOOXPLQDQFH ,Q WKLV SDSHUZH SUHVHQW WKH
UHVXOWRIDILHOGVWXG\ZKLFKH[SORUHVWKHUHODWLRQVKLSEHWZHHQWKHYLVXDOUHIOHFWDQFHRIDFWXDOEXLOGLQJIDoDGHVDQG
WKHFRUUHVSRQGLQJVXUIDFHWHPSHUDWXUHV$QXPEHURIEXLOGLQJVZLWKGLYHUVH IDoDGHFRORXUVKHQFHGLIIHUHQWYDOXHV
RIYLVXDOUHIOHFWDQFHZHUHVHOHFWHG*LYHQDGMDFHQWEXLOGLQJVZLWKGLIIHUHQW IDoDGHFRORXUVWHPSHUDWXUHGLIIHUHQFH
FRXOG EHPHDVXUHG XQGHUQHDUO\ LGHQWLFDO VRODU LUUDGLDWLRQ$V WKH JURXQG IORRUV DQG XSSHU IORRUV RI DQXPEHU RI
EXLOGLQJV LQ WKH VDPSOH KDG DOVR VRPHWLPHV GLIIHUHQW FRORXUV WHPSHUDWXUHV RQ XS WR IRXU GLIIHUHQWLDOO\ UHIOHFWLYH
VXUIDFHVFRXOGEHPRQLWRUHGVLPXOWDQHRXVO\XQGHUSUDFWLFDOO\LGHQWLFDOFRQGLWLRQV,QWKHFRXUVHRIWKHILHOGVWXG\
WKHIROORZLQJSDUDPHWHUZHUHPHDVXUHGVXUIDFHWHPSHUDWXUHVYLDLQIUDUHGWKHUPRJUDSK\LQFLGHQWVRODULUUDGLDQFH
IDoDGHV¶YLVXDOUHIOHFWDQFH YLDVLPXOWDQHRXVPRQLWRULQJRI WKHLOOXPLQDQFHRQ IDoDGH WKHOXPLQDQFHYDOXHVRI WKH
IDoDGHDVZHOODVDPELHQWDLUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\7KHUHVXOWVRIWKHILHOGVWXG\GLVSOD\QRQUDQGRP
UHODWLRQVKLSV EHWZHHQ WKH EXLOGLQJ IDoDGHV¶ YLVXDO UHIOHFWDQFH DQG WKHLU VXUIDFH WHPSHUDWXUHV 7KH UHVXOWLQJ GDWD
VXSSRUW WKH GHYHORSPHQW RI DOJRULWKPV IRU WKH HVWLPDWLRQ RI VXUIDFH WHPSHUDWXUH YDULDQFH DV D UHVXOW RI IDoDGHV¶
FRORXU0RUHRYHUWKHUHVXOWVFRQWULEXWH WRDEHWWHUXQGHUVWDQGLQJRI WKH LPSOLFDWLRQVRI IDoDGHV¶FRORXUFKRLFH IRU
EXLOGLQJV
WKHUPDOSHUIRUPDQFHDQGSHGHVWULDQV
WKHUPDOFRPIRUW
 $SSURDFK
7R FRQGXFW WKH PHDVXUHPHQWV QLQHWHHQ EXLOGLQJV LQ WKH FLW\ RI 9LHQQD ZHUH VHOHFWHG 7KHVH DUH W\SLFDO
UHVLGHQWLDO EXLOGLQJV FRQVWUXFWHG LQ WKH SDVW FHQWXU\ 7KH FRQVWUXFWLRQ RI WKH H[WHUQDO ZDOOV RI WKHVH EXLOGLQJV
W\SLFDOO\LQYROYHVWKUHHOD\HUVLQWHUQDOSODVWHUFPPDVVLYHEULFNZDOOFPDQGH[WHUQDOSODVWHUFP7KH
FRORXUDQGKHQFHWKHYLVXDOUHIOHFWDQFHRIWKHH[WHUQDOVXUIDFHRIWKHVHFRQVWUXFWLRQVFDQEHYHU\GLIIHUHQWVHH)LJ
 7R JHQHUDWH WKH PHDVXUHPHQW GDWD  VSRWV RQ WKH IDoDGHV RI WKH VHOHFWHG EXLOGLQJV ZHUH LGHQWLILHG 7KH
PHDVXUHPHQWVHWXSZDVFRQILJXUHGLQDPDQQHUVXFKWKDWWZRFORVHE\PHDVXUHPHQWVSRWVZHUHORFDWHGRQDGMDFHQW
IDoDGH VHJPHQWV RI GLIIHULQJ FRORXU DQG WKXV GLIIHULQJ YLVXDO UHIOHFWDQFH 7KXV ZH FRXOGPDNH VXUH WKDW WKHVH
DGMDFHQWVSRWVZHUHH[SRVHGWRLGHQWLFDOHQYLURQPHQWDOFRQGLWLRQVLUUDGLDQFHLOOXPLQDQFHDLUWHPSHUDWXUHHWF7R
FDSWXUHWKHVHFRQGLWLRQVDWWKHVHOHFWHGORFDWLRQVVXUIDFHWHPSHUDWXUHVXUIDFHOXPLQDQFHDQGLQFLGHQWLOOXPLQDQFH
ZHUHPHDVXUHG,QSDUDOOHODPELHQWFRQGLWLRQVLQFLGHQWLUUDGLDQFHDPELHQWDLUWHPSHUDWXUHUHODWLYHKXPLGLW\ZHUH
PRQLWRUHG XVLQJPRELOHZHDWKHU VWDWLRQV 6XUIDFH WHPSHUDWXUHPHDVXUHPHQWVZHUH FRQGXFWHG IROORZLQJ VWDQGDUG
SURFHGXUHVXVLQJDQLQIUDUHG,5FDPHUD7KHSURFHVVLQJDQGFDOLEUDWLRQRI,5LPDJHVXWLOL]HGFROOHFWHGLQIRUPDWLRQ
RQ SUHYDLOLQJ DPELHQW WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ YDOXHV DVZHOO DV WKH HPLVVLYLW\ RI VXUIDFHV 7KH ODWWHU
FRPPRGLW\ZDV GHWHUPLQHG XVLQJ VWDQGDUG VWLFNHU VSHFLPHQVZLWK NQRZQ HPLVVLYLW\ DWWDFKHG WR DQG LQ WKHUPDO
HTXLOLEULXP ZLWK IDoDGH VXUIDFHV ,QFLGHQW LOOXPLQDQFH DQG OXPLQDQFH PHDVXUHPHQWV ZHUH FRQGXFWHG XVLQJ
UHVHDUFKOHYHODGYDQFHGHTXLSPHQW
7KH PRQLWRUHG GDWD UHSUHVHQW VXUIDFH DQG DPELHQW FRQGLWLRQV LQ D UHODWLYHO\ VWDEOH WHPSRUDO VHQVH ,Q RWKHU
ZRUGV FRQGLWLRQV ZHUH QRW IOXFWXDWLQJ LQ D QRWHZRUWK\ PDQQHU SULRU WR HDFK UHFRUGLQJ 7R GHULYH WKH YLVXDO
UHIOHFWDQFHYDOXHUIRUHDFKVSRWWKHVLPXOWDQHRXVO\ORJJHGYDOXHVRILQFLGHQWLOOXPLQDQFH(DQGOXPLQDQFH/
ZHUHGHSOR\HGDFFRUGLQJWRWKHIROORZLQJHTXDWLRQ
(
/ SU u 
*LYHQWKHREMHFWLYHRI WKHVWXG\WKHFROOHFWHGHPSLULFDOGDWDZDVSURFHVVHGDVIROORZV7KHGLIIHUHQFHEHWZHHQ
WKH VLPXOWDQHRXVO\PHDVXUHG VXUIDFH WHPSHUDWXUHV 'TV RI WZR VSDWLDOO\ DGMDFHQW IDoDGH VSRWV RI GLIIHUHQW YLVXDO
UHIOHFWDQFHZDVFDOFXODWHGDQG WUHDWHGDV WKHGHSHQGHQWYDULDEOHDV VKRZQ LQHT1RWH WKDWLQWKLVHTXDWLRQTV
UHSUHVHQWVWKHVXUIDFHWHPSHUDWXUHRIWKHIDoDGHVHJPHQWZLWKORZHUVXUIDFHUHIOHFWDQFH
 VVV TTT  ' >.@ 
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7KHVHGLIIHUHQFHVZHUHWKHQSORWWHGDJDLQVWSRWHQWLDOLQGHSHQGHQWYDULDEOHV7KHPDLQK\SRWKHVL]HGLQGHSHQGHQW
YDULDEOHZDVFRQVLGHUHGWREHWKHGLIIHUHQFHLQWKHYLVXDOUHIOHFWDQFHRIWKHFRUUHVSRQGLQJVSRWV7KHVHGLIIHUHQFHV
ZHUHFRQVLGHUHGERWKLQWHUPVRIWKHDEVROXWHYDOXHV VHHHTDQGLQWHUPVRIUHODWLYHGLIIHUHQFHZKLFKGHQRWHV
WKHGLIIHUHQFHEHWZHHQWKHVXUIDFHUHIOHFWDQFHYDOXHVRIWKHWZRVSRWVGLYLGHGE\WKHODUJHUVXUIDFHUHIOHFWDQFHYDOXH
VHHHT
 UUU  '   


U
UUU  ' U   
7RIXUWKHUH[SORUHWKHYDULDEOHVLQIOXHQFLQJWKHVXUIDFHWHPSHUDWXUHVZHDOVRFRQVLGHUHGWKHSUHYDLOLQJDPELHQW
DLUWHPSHUDWXUHTDDQGLQFLGHQWLUUDGLDQFH(H
      
       

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 

)LJ([DPSOHVRIWKHVHOHFWHGEXLOGLQJIDoDGHVDQGWKHUHVSHFWLYH,5LPDJHV

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5HVXOWVDQGGLVFXVVLRQ
7KHRYHUDOOUHVXOWVRIWKHPHDVXUHPHQWVDUHVKRZQLQ)LJXUHVDQG7KHUHE\VXUIDFHWHPSHUDWXUHGLIIHUHQFHV
DUHSORWWHGDJDLQVWFRUUHVSRQGLQJYDOXHVRIVXUIDFHUHIOHFWDQFHGLIIHUHQFHV)LJDQGUHODWLYHVXUIDFHUHIOHFWDQFH
GLIIHUHQFHV )LJXUH  7KHVH )LJXUHV FRQILUP WKH LQWXLWLYHO\ H[SHFWHG WUHQG )DoDGH VXUIDFHV ZLWK KLJKHU YLVXDO
UHIOHFWDQFHYDOXHVW\SLFDOO\GLVSOD\ORZHUVXUIDFHWHPSHUDWXUHV


)LJ6XUIDFHWHPSHUDWXUHGLIIHUHQFHVYVFRUUHVSRQGLQJYLVXDOUHIOHFWDQFHGLIIHUHQFHV


)LJ6XUIDFHWHPSHUDWXUHGLIIHUHQFHVYVFRUUHVSRQGLQJUHODWLYHYLVXDOUHIOHFWDQFHGLIIHUHQFHV
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:HFRXOGQRWGHWHFWD VLJQLILFDQWHQRXJKUHODWLRQVKLSEHWZHHQ WKHPHDVXUHGDPELHQW WHPSHUDWXUHVDQGVXUIDFH
WHPSHUDWXUHGLIIHUHQFHVRI WKH IDoDGHV+RZHYHULUUDGLDQFHRQ WKH IDoDGHVGRHVDSSUHFLDEO\ LQIOXHQFH WKHVXUIDFH
WHPSHUDWXUHV7RLOOXVWUDWHWKLVFLUFXPVWDQFH)LJXUHLOOXVWUDWHVDJDLQWKHUHODWLRQVKLSEHWZHHQVXUIDFHWHPSHUDWXUH
GLIIHUHQFHVDQGUHODWLYHYLVXDOUHIOHFWDQFHGLIIHUHQFHV7KHUHE\UHVSHFWLYHUHJUHVVLRQOLQHVDUHVHSDUDWHO\SORWWHGIRU
GLIIHUHQWLUUDGLDQFHUDQJHV VLQJOHGRWVDVVRFLDWHGZLWK LQGLYLGXDOPHDVXUHPHQWVDUHQRW LQFOXGHG LQWKLV)LJXUH LQ
RUGHUWRPDLQWDLQUHDGDELOLW\$VLWFDQEHVHHQIURPWKLV)LJXUHKLJKHULUUDGLDQFHUDQJHVUHVXOWLQKLJKHUVXUIDFH
WHPSHUDWXUHGLIIHUHQFHV


)LJ6XUIDFHWHPSHUDWXUHGLIIHUHQFHVSORWWHGDJDLQVWUHODWLYHYLVXDOUHIOHFWDQFHGLIIHUHQFHVIRUGLIIHUHQWUDQJHVRILQFLGHQWVRODUUDGLDWLRQ

7KHFRPELQHGLQIOXHQFHRIWKHLQFLGHQWLUUDGLDQFHDQGWKHYLVXDOUHIOHFWDQFHGLIIHUHQFHVVKRZQLQ)LJXUHFDQEH
H[SORLWHGWRGHULYHUHODWLYHO\VLPSOHFDOFXODWLRQPHWKRGVIRUWKHHVWLPDWLRQRIWKH VXUIDFHWHPSHUDWXUHLPSOLFDWLRQV
RIWKHYLVXDOUHIOHFWDQFHYDULDQFHRIEXLOGLQJIDoDGHV7RLOOXVWUDWHWKLVSRLQW(TZKLFKLVGHULYHGEDVHGRQWKH
UHVXOWVVKRZQLQ)LJXUHVSHFLILFDOO\SURYLGHVHQJLQHHUVDQGDUFKLWHFWVZLWKDVLPSOHWRROWRHVWLPDWHIRUDJLYHQ
YDOXHRILQFLGHQWVRODULUUDGLDQFH(HWKHH[SHFWHGGLIIHUHQFHEHWZHHQWKHVXUIDFH WHPSHUDWXUHVRIIDoDGHVXUIDFHV
RIGLIIHULQJYLVXDOUHIOHFWDQFH1RWHWKDWWKLVHTXDWLRQLVQRWYDOLGIRUYHU\ORZYDOXHVRILQFLGHQWUDGLDWLRQ(H
:P DQG UHODWLYH UHIOHFWDQFH GLIIHUHQFH ¨ȡU 1HHGOHVV WR VD\ SUHGLFWLRQVPDGH EDVHG RQ WKLV VLPSOLILHG
UHODWLRQVKLS SURYLGH RQO\ D URXJK HVWLPDWLRQ 7R H[SOLFLWO\ GRFXPHQW WKH SUHGLFWLYH SHUIRUPDQFH RI (T  ZH
FRPSDUHGWKHDVVRFLDWHGSUHGLFWLRQVZLWKDFWXDOPHDVXUHPHQWV7KHUHVXOWVDUHGLVSOD\HGLQ)LJXUH
 ' ' UV (H UT >.@ 
Ğ͗ϬͲ ϮϬϬt͘ŵͲϮ
Ğ͗ϮϬϬͲ ϰϬϬt͘ŵͲϮ
Ğ͗ϰϬϬͲ ϲϬϬt͘ŵͲϮ
Ğ͗ϲϬϬͲϴϬϬt͘ŵͲϮ
ͲϮ
Ϭ
Ϯ
ϰ
ϲ
ϴ
ϭϬ
ϭϮ
ϭϰ
ϭϲ
Ϭ Ϭ͕Ϯ Ϭ͕ϰ Ϭ͕ϲ Ϭ͕ϴ ϭ
¨ș
V
>.
@
¨ȡU >@
 Araz Azarnejad and Ardeshir Mahdavi /  Energy Procedia  78 ( 2015 )  1720 – 1725 1725

)LJ0HDVXUHG'TVYDOXHVYHUVXVSUHGLFWHG'TVYDOXHVREWDLQHGIURPHT
&RQFOXVLRQ
:H SUHVHQWHG WKH UHVXOWV RI D ILHOG VWXG\ RI IDoDGH VXUIDFH WHPSHUDWXUHV7KHUHE\ WKH LQIOXHQFH RI WKH YLVXDO
UHIOHFWDQFH RI WKH IDoDGH VXUIDFHV ZDV DW WKH FHQWHU RI DWWHQWLRQ 7KH VWXG\ VXJJHVWV WKDW WKH YDULDQFH RI YLVXDO
UHIOHFWDQFHUHVXOWVLQFRQVLGHUDEOHVXUIDFHWHPSHUDWXUHGLIIHUHQFHV)RULQVWDQFHGRXEOLQJWKHVXUIDFHUHIOHFWDQFHRI
DVDPSOHEXLOGLQJ¶VIDoDGHVXUIDFHFRXOGUHVXOWLQDFRQVLGHUDEO\FRROHUIDoDGHLQDVXPPHUGD\URXJKO\.ORZHU
VXUIDFHWHPSHUDWXUH0RUHRYHUJLYHQLQIRUPDWLRQRQWKHLQWHQVLW\RIWKHLQFLGHQWVRODUUDGLDWLRQWKHPDJQLWXGHRI
VXUIDFH WHPSHUDWXUH GLIIHUHQFHV UHVXOWLQJ IURP UHIOHFWDQFH YDULDWLRQ FDQ EH URXJKO\ HVWLPDWHG XVLQJ VLPSOH
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